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ESTIMATING METHANE CONTENT OF BITUMINOUS COALBEDS 
FROM ADSORPTION DATA 
by 
Ann GI K i m '  
ABSTRACT 
The Bureau of Mines est imated the  methane content  of a c o a l ,  which 
depends p r imar i ly  upon rank and p re s su re ,  from the  adsorp t ion  equat ion  V = kpn,  
where k  and n  a r e  cons t an t s  r e l a t e d  t o  rank.  By inco rpora t ing  c o r r e c t i o n s  f o r  
mois ture ,  ash,  and temperature,  and es t imat ing  p re s su re  and temperature a s  a  
f u n c t i o n o f d e p t h ,  t he  methane con ten t  of c o a l  i n  p lace  can be est imated from 
the  fol lowing equat ion:  
Values c a l c u l a t e d  with t h i s  equat ion  gene ra l ly  a r e  i n  reasonable agreement 
w i th  d i r e c t  de te rmina t ions .  By assuming a  s tandard moisture and ash con ten t ,  
and using the  hydros t a t i c  head t o  es t imate  p re s su re ,  a  graph of rank and depth 
ve r sus  gas content  was cons t ruc ted .  Although est imated va lues  were c o n s i s t -  
e n t l y  high f o r  s e v e r a l  h i g h - v o l a t i l e  bituminous coa l s  from an area  where the  
pressure  i s  known t o  be l e s s  than h y d r o s t a t i c ,  the  est imated methane content  
f o r  most c o a l s  shows reasonable agreement with va lues  determined by the  d i r e c t  
method. 
INTRODUCTION 
Methane i s  always present  i n  c o a l  (3-4)2 -  and c o n s t i t u t e s  a  s e r ious  s a f e t y  
hazard i n  c o a l  mining. It occurs admixed wi th  o the r  hydrocarbons, C02, N,, 
0 2 ,  Ha, and He. It i s  a  normal byproduct of the  coal-forming process .  
Although much of t he  gas formed during c o a l i f i c a t i o n  migra tes  away from the  
c o a l ,  a  s i g n i f i c a n t  po r t ion  i s  r e t a ined  i n  t he  c o a l  and ad jacent  rocks .  Some 
f r e e  gas i s  p resent  i n  cracks and f r a c t u r e s ,  but most i s  adsorbed on the 
i n t e r n a l  sur face  of  micropores w i th in  the c o a l .  The amount of gas  t h a t  t he  
c o a l  conta ins  depends p r imar i ly  upon p re s su re ,  temperature,  adsorp t ive  capac- 
i t y ,  and moisture content  of the  c o a l .  Permeabi l i ty ,  p o r o s i t y ,  degree of 
l chemis t ,  P i t t sbu rgh  Mining and Sa fe ty  Research Center ,  Bureau of  Mines, 
P i t t sburgh ,  Pa.  
2 Underlined numbers i n  parentheses  r e f e r  t o  i tems i n  t h e  l i s t  of r e f e rences  
preceding the  appendixes.  
f r a c t u r i n g  of t he  c o a l  and ad j acen t  r ocks ,  and d i s t a n c e  from t h e  ou tc rop  may 
a l s o  i n f l uence  t h e  gas  con t en t  of a  coa lbed .  
When c o a l  i s  mined, 60 t o  80 p c t  of  t h e  gas  t h a t  i t  con t a in s  i s  emi t ted  
i n t o  t h e  mine atmosphere,  where gas  accumulation c r e a t e s  an explos ion  hazard .  
The convent iona l  method of dea l i ng  w i t h  t h i s  hazard i s  through v e n t i l a t i o n ,  
which d i l u t e s  t h e  emi t ted  methane w i th  a i r  t o  nonexplosive concen t r a t i ons  and 
c a r r i e s  i t  to  the  s u r f a c e .  The deeper ,  h igher  rank  coalbeds t h a t  w i l l  be 
mined i n  t h e  fo r e seeab l e  f u t u r e  w i l l  c o n t a i n  more gas  than  t h e  beds c u r r e n t l y  
being worked, and i t  i s  p o s s i b l e  t h a t  v e n t i l a t i o n  w i l l  no t  be adequate  t o  con- 
t r o l  methane emiss ion .  I t  may be necessary  t o  d r a i n  methane from t h e  c o a l  i n  
advance of mining. I f  the  dra ined  gas  i s  t o  be so ld  a s  a  f u e l ,  i t  w i l l  be 
neces sa ry  t o  e s t i m a t e  the  amount of ga s  t h a t  can be recovered from t h e  c o a l .  
The methane con t en t  of a  g iven  c o a l  can be es t imated  by measuring t he  
amount of gas  emi t ted  by a  co re  sample recovered dur ing  exp lo ra to ry  d r i l l i n g  
(2-6).  This d i r e c t  method i s  simple and i s  cons idered  accu ra t e  t o  130 p c t .  
However, i t  does r e q u i r e  d r i l l i n g  a  ho le ,  and t h e  d a t a  thus  ob ta ined  apply 
on ly  t o  a  p a r t i c u l a r  c o a l  a t  a  p a r t i c u l a r  dep th .  
A more g e n e r a l  e s t i m a t e  can be made us ing  adsorp t ion- i so therm d a t a .  An 
a d s o r p t i o n  i so therm desc r ibe s  t h e  v a r i a t i o n  i n  gas  adso rp t i on  a s  a  f u n c t i o n  of 
p r e s su re  a t  a  cons t an t  temperature .  I f  i sotherms a r e  run  a t  s e v e r a l  tempera- 
t u r e s ,  t h e  change i n  adso rp t i ve  c a p a c i t y  w i t h  temperature  can  be determined.  
Isotherms f o r  d ry  and mois t  c o a l s  a r e  r u n  t o  determine t h e  e f f e c t  of mois ture  
on the volume o f  adsorbed gas .  The in format ion  from v a r i o u s  isotherms can  be 
combined i n t o  a  g e n e r a l  equa t i on  f o r  adsorbed-gas volume a s  a  f u n c t i o n  of tem- 
p e r a t u r e ,  p r e s s u r e ,  and mois ture  c o n t e n t .  By apply ing  t h e  adso rp t i on  equa t i on  
t o  d i f f e r e n t  c o a l s ,  t he  e f f e c t  o f  rank  can  be determined,  and a  graph of t h e  
gas  c o n t e n t  of  high-rank c o a l  can  be cons t ruc t ed  a s  a  f u n c t i o n  of rank  and 
dep th .  
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METHANE -ADSORPTION EQUATION 
Most of t h e  gas  i n  c o a l  i s  adsorbed on t h e  i n t e r n a l  su r f ace  of micropores .  
The amount of gas  t h a t  a  c o a l  c an  adsorb v a r i e s  d i r e c t l y  w i th  p r e s su re  and 
i n v e r s e l y  w i th  tempera ture .  The r e l a t i o n s h i p  between t he  volume of ga s  
adsorbed by the  c o a l ,  and p re s su re  and temperature  can  be descr ibed  by t he  
equa t i on  
where V = volume of gas adsorbed, in cubic centimeters per gram of moisture- 
and ash-free coal; 
P = pressure, in atmospheres; 
T = temperature, in degrees Centigrade; 
k, = a constant, in cubic centimeters per gram per atmosphere; 
no = a constant; 
and b = a constant, in cubic centimeters per gram per degree Centigrade. 1 
Constants k, , no, and b were determined for 18 coals and are listed in table 1.3 
The temperature constant b averages 0.14 cm3/g0 C for coals studied, from 
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FIGURE 1. - Value of adsorption constants k, and n, versus the rat io  of f ixed carbon to vola- 
t i l e  matter. 
3~erivation of the equation and calculation of constants are discussed in 
appendix A. 
subbi tuminous  t o  a n t h r a c i t e .  The v a l u e s  of k, and no depend on t h e  r a n k  of 
t h e  c o a l ,  and c a n  be expressed  i n  terms of t h e  r a t i o  of  f i x e d  ca rbon  (FC) t o  
v o l a t i l e  ~ l l a t t e r  (VM) : 
and no = 0.315 - 0 . 0 1  Fc/vM 
The r e l a t i o n s h i p  between t h e  c o n s t a n t s  k,, n o ,  and t h e  r a t i o  FC/VM i s  shown i n  
f i g u r e  1. 
TABLE 1 .  - Adsorp t ion  c o n s t a n t s  f o r  s e l e c t e d  c o a l s  
Coalbed 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mammoth 
Pocahontas  No. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lower K i t t a n n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beckley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mary Lee 
Upper F r e e p o r t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lower F r e e p o r t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i t t s b u r g h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sewel l  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  No. 5 Block 
Somerset  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C a s t l e g a t e  
Rosebud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Elkhorn  No. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hazard No. 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pocahontas  No. 4 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t e a r n s  No. Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hazard No. 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ND--Not de te rmined .  
A d s o r p t i o n  curves  i n d i c a t e  t k ~ a  t t h e  amount o f  gas  adsorbed by c o a l  
i n c r e a s e s  w i t h  i n c r e a s i n g  rank a t  a g i v e n  t empera tu re  and p r e s s u r e  ( f i g s .  2 - 3 ) ,  
and t h i s  has  been v e r i f i e d  bv d a t a  on t t~c? gas  c o n t e n t  of  t h e  Mary Lee group cif: 
c o a l b e d s  ( 7 ) .  A t  a  g i v e n  t empera tu re  and p r e s s u r e ,  h i g h e r  r a n k  c o a l s  ( , o n f a i n  
l a r g e r  volumes of methane t h a n  lower r a n k  c o a l s .  The volume of a d s o r b e d  
methane i n c r e a s e s  w i t h  i n c r e a s i n g  p r e s s u r e ,  b u t  d e c r e a s e s  w i t h  i n c r e a s i n g  
t e m p e r a t u r e .  
P r e s s u r e  and t e m p e r a t u r e  a r e  f u n c t i o n s  of d e p t h .  A t  a  g i v e n  d e p t h ,  t h e  
p r e s s u r e  P  i s  u s u a l l y  assumed t o  e q u a l  t h e  h y d r o s t a t i c  head g i v e n  by  t h e  
e q u a t i o n - -  
0 10 20 30 40 50 60 
PRESSURE, atm 
FIGURE 2. - Variat ion of adsorption isotherms wi th rank at 
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FIGURE 3. - Variat ion in  adsorptive capacity w i th  temper- 
ature and rank at 10 atm. 
where P i s  expressed i n  
atmospheres,  and h  i s  t h e  
dep th ,  i n  me t e r s .  However, 
d r i l l - s t e m  t e s t s  have f r e -  
quen t l y  shown t h a t  p r e s s u r e  
w i t h i n  a  coalbed i s  sub-  
s t a n t i a l l y  l e s s  t han  hydro- 
s t a t i c  ( f i g .  4 ) .  For t h e s e  
d a t a  ( f i g .  4 ) ,  t he  average 
p r e s s u r e  g r a d i e n t  i s  0.063 
atm/m wi th  a  s tandard  d e v i -  
a t i o n  of '0.027 atm/m. 
S ince  i t  i s  p r i m a r i l y  
dependent on p r e s su re ,  t h e  
es t imated  adsorbed gas  v o l -  
ume w i l l  be on ly  a s  a c c u r a t e  
a s  t he  p r e s su re  v a l u e .  I f  
t h e  p r e s s u r e  a t  depth o r  
p r e s su re  g r a d i e n t  f o r  an  
a rea  i s  known, t h i s  v a l u e  
should bc used t o  e s t i m a t e  
the  adsorbed gas  con t en t  of 
200 300 400 500 a  c o a l .  Jf: h y d r o s t a t i c  head 
DEPTH (h),rneter s i.s used ,  i.t should be r e a -  
l i z e d  t h a t  t h i s  r e p r e s e n t s  a  
FIGURE 4. - Relat ionship of pressure t o  depth. l i m i t i n g  c a s e ,  and a c t u a l  
gas  con t en t  may be lower 
t han  t h e  es t imated  v a l u e .  
Temperature a t  a  g iven  dep th  h  i s  es t imated  a s  t h e  geothermal  g r a d i e n t  m u l t i -  
p l i e d  by h  and added t o  the  ground tempera ture .  Although t he  geothermal  
g r a d i e n t  v a r i e s  i n  d i f f e r e n t  a r e a s ,  a  commonly used va lue  i s  1 .8"  C/100 m. 
Ground t empe ra tu r e - - t ha t  temperature  not  a f f e c t e d  by s u r f a c e  h e a t i n g  and 
c o o l i n g - - i s  a l s o  v a r i a b l e .  I n  t h i s  s t udy ,  11" C i s  used .  Temperature a t  
dep th  i s  e s t ima t ed  by t h e  fo l lowing  r e l a t i o n s h i p :  
A t  the  r e l a t i v e l y  sha l low dep ths  cons idered  i n  t h i s  r e p o r t ,  i t  i s  u n l i k e l y  
t h a t  an e r r o r  i n  e s t ima t i ng  T  w i l l  s u b s t a n t i a l l y  a f f e c t  the  e s t i m a t e  of gas  
c o n t e n t .  
To e s t i m a t e  t h e  methane c o n t e n t  of c o a l  i n  p l a c e ,  i t s  mois ture  con t en t  
must a l s o  be cons ide r ed .  Mois ture  i n  c o a l  reduces  i t s  c a p a c i t y  t o  adsorb 
methane. According t o  one s tudy  ( I ) ,  below a  c r i t i c a l  v a l u e ,  t h e  r e d u c t i o n  i n  
a d s o r p t i o n  c a p a c i t y  o f  a  c o a l  i s  d i r e c t l y  r e l a t e d  t o  mois tu re  con t en t  .q Above 
ch i s  c r i t i c a l  v a l u e ,  a d d i t i o n a l  mois ture  causes  no f u r t h e r  r e d u c t i o n  i n  gas  
a d s o r p t i o n .  The r a t i o  of volumes of gas  adsorbed on wet and d ry  c o a l  (V,/vd) 
4 ~ h e  r e d u c t i o n  i.n ad so rp t i on  c a p a c i t y  r e l a t e d  t o  mois tu re  con t en t  i s  d i s cus sed  
i n  appendix B .  
i s  g i v e n  i n  t a b l e  1. For most high-rank c o a l s ,  t h e  minimum volume of methane 
adsorbed on wet c o a l  i s  between 55 and 85 p c t  o f  the  volume adsorbed on d r y  
c o a l .  I n  g e n e r a l ,  t h e  r e d u c t i o n  i n  ga s - adso rp t i on  c a p a c i t y  i s  g r e a t e r  f o r  
lower r ank  c o a l s .  For c o a l s  f o r  which exper imenta l  d a t a  i s  n o t  a v a i l a b l e ,  
mo i s tu r e  i n  c o a l  c an  r ea sonab ly  be assumed t o  reduce t h e  volume of  adsorbed 
methane by 25 p c t .  I n  a  g e n e r a l  ga s - adso rp t i on  equa t i on ,  0 .75 i s  used a s  t h e  
r a t i o  of adsorbed gas  i n  wet and d r y  c o a l  (v , /v , ) .  
I n  t h e  p reced ing  equa t i ons ,  adsorbed ga s  was es t imated  pe r  gram of  
mo i s tu r e -  and a s h - f r e e  (maf) c o a l .  To e s t i m a t e  t he  gas  c o n t e n t  of  c o a l  i n  
p l a c e ,  t h e  c a l c u l a t e d  ga s  c o n t e n t  i s  m u l t i p l i e d  by t he  f a c t o r  (100 minus t h e  
percen tage  of  mois tu re  minus t h e  percen tage  of ash) /100 .  I nco rpo ra t i ng  t h e  
f a c t o r s  d i s cus sed  above, a  g e n e r a l  equa t i on  f o r  e s t ima t i ng  adsorbed ga s  con-  
t e n t  o f  c o a l  i n  p l ace  can  be w r i t t e n  a s  fo l lows :  
(100 - % mois ture  - % a sh )  V, 
3 V,cm /g  = 100 - [k pno - b  (1.8h/100 + l l ) ] .  ( l j  Vd 
I f  P i s  es t imated  from the  h y d r o s t a t i c  head, t h e  equa t i on  i s  
3 (100 - %  mois tu r e  - %  ash)  V, V,cm /g = 100 - [k, (0.096h)"o -b(1.8h/100 + l l ) ] ,  (2)  Vd 
where h  i s  t h e  dep th ,  i n  me t e r s .  
ESTIMATING THE METHANE CONTENT OF COAL 
Depending on  t he  amount of  i n fo rma t ion  a v a i l a b l e ,  t h e  ga s  c o n t e n t  of  a  
c o a l  can be es t imated  i n  s e v e r a l  ways. I f  t h e  c o a l  i s  l i s t e d  i n  t a b l e  1 and 
i f  t h e  p r e s su re  a t  dep th  i s  known, equa t i on  1 can  be used d i r e c t l y .  For 
example, dur ing  d r i l l i n g  i n  the  C a s t l e g a t e  coalbed i n  Utah,  measured p r e s s u r e  
was 24 atm a t  a  depth of  310 m .  From t a b l e  1, t h e  c o n s t a n t s  f o r  t h i s  c o a l  a r e  
k, = 4 . 9 ,  % = 0.37, b  = 0.12,  and V, /v, = 0.42.  Mois ture  and a s h  c o n t e n t  
t o t a l e d  8 p c t .  Using t h e s e  v a l u e s  i n  equa t i on  1, t h e  es t imated  methane con-  
t e n t  of t h e  C a s t l e g a t e  c o a l  i s  5 . 3  cm3/g; t h e  d i r e c t  de t e rmina t i on  f o r  t h i s  
c o a l  was 4 .7  cm31g. 
For c o a l s  t h a t  a r e  n o t  l i s t e d  i n  t a b l e  1, adso rp t i on  c o n s t a n t s  c an  be 
e s t ima t ed  from proximate a n a l y s i s .  For a s anp l e  of t h e  Lower Hartshorne c o a l  
from Oklahoma, t h e  f i x e d  ca rbon  c o n t e n t  was 80  p c t  maf, and v o l a t i l e  m a t t e r ,  
20 p c t  maf; mois tu re  and ash c o n t e n t  equaled 13 p c t .  Ca l cu l a t ed  v a l u e s  f o r  
t h e  adso rp t i on  c o n s t a n t s  a r e  k, = 8 . 7  and n, = 0 .28 .  The average  va lue  o f  the  
temperature  cons t an t  i s  0.14 cm3/g0 C ,  and V, /v, c a l c u l a t e d  accord ing  t o  
equa t i ons  i n  appendix B i s  0 .82 .  Measured p r e s su re  i n  t h e  coalbed was 17 a t n ~  
a t  a  dep th  of  450 m .  Using t h e s e  d a t a  t o  c a l c u l a t e  t he  methane c o n t e n t ,  a  
v a l u e  of  11.8 cm3/g i s  ob t a ined ,  compared w i t h  11.1 cm3/g ob ta ined  by d i r e c t  
de t e rmina t i on .  
When p r e s s u r e  i s  es t imated  a s  a  f u n c t i o n  of dep th ,  t h e  accuracy o f  t h e  
gas -con ten t  e s t i m a t e  depends on how c l o s e l y  t h e  p r e s s u r e  g r a d i e n t  approaches  
t e n t  es t imated  w i th  equa- 
t i o n  2  i s  9 . 5  cm3 /g ,  bu t  t h e  
2 o d i r e c t  de te rmina t ion  i s  3 . 9  
cm3lg. The measured p r e s -  
25 ~ l r l l l l l l l l l ~ l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l , , l l l l l l l l , l l l l l l , l l  the  normal v a l u e  of 0.096 
/ s u r e  g r a d i e n t  i n  t h i s  a r ea  
- 
1 
I 
- - 
- 
of t h e  Lower Freepor t  c o a l  i s  
0.046 atm/m, approximately 
1 one-half  of the  normal v a l u e .  
- The anomalously low p re s su re  
could account f o r  t he  low 
gas  c o n t e n t .  
I f  i t  i s  assumed t h a t  
the  sum of t h e  moisture  and 
a sh  con t en t  i s  10 p c t ,  an 
2s t imated gas -content  range 
can be c a l c u l a t e d  f o r  v a r i -  
ous ranks  of c o a l  and 
dep ic ted  g r a p h i c a l l y  
( f i g .  5 )  . Although t h e  
range of gas  conten t  a t  a  
given dep th  becomes l a r g e r  
- f o r  h igher  rank  c o a l s ,  a  
reasonable  e s t ima te  of the  
gas  con t en t  of most c o a l s  
can be ob ta ined  from t h e  
0 100 
~ ~ ~ " " " ~ ~ ~ " " " ~ ~ ~ ' " " ' ~ ~ ~ " " 1 ~ ~ ~ " " ' ~ ~ 0  graph.  When t h e  es t imated  
DEPTH ( h), m gas  con t en t  i s  compared w i th  
atm/m. For example, f o r  t h e  
Upper F reepo r t  c o a l  a t  a  
dep th  of 275 m,  t h e  gas  con- 
FIGURE 5; - Est imated methane content w i t h  depth and t h e  d i r e c t  de t e rmina t i on  ( t a b l e  2 ) ,  t h e  agreement i s  
rank, 
reasonably  good. D i r e c t  
de t e rmina t i on  i s  considered accu ra t e  to  t 3 0  p c t ,  and most of t h e  va lues  e s t i -  
mated from the  adso rp t i on  graph a r e  w i t h i n  '30 p c t  of t h e  d i r e c t  
de t e rmina t i ons .  
TABLE 2. - Comparison of est imated and d i r e c t  determinat ion 
of methane content  of c o a l  
Coalbed 
Difference 
between d i r e c t  
,de terminat ion  
and est imated 
range,  cm3/g 
Estimated 
range 
ANTHRAC ITE 
cm3/g 
Depth 
~ t ~ / t o n  Meters 
Direct  
determinat ion 
Feet  cm3/g 
Tunnel No. 19. .. . . . . .. 
Peach Mountain No. 18. 
~ t ~ / t o n  
600 
600 
600 
699 
699 
608 
448 
416 
704 
608 
183 
183 
183 
213 
213 
19 
14 
13 
22 
19 , 
13-18 
13-18 
13-18 
14-19 
14-19 
416-576 
416-576 
416-576 
448-608 
448-608 
Beckley..  . . . . . . . . . . . . . 
Hartshorne . . . . . . . . . . . .  
New Cas t l e .  . . . . . . . . . . . 
Pocahontas No. 3.  . . . . . 
P r a t t . .  . . . . . . . . . . . . . . . 
i-1 
0 
0 
+3 
0 
IQW 
302 
267 
253 
226 
451 
395 
174 
169 
148 
77 
651 
643 
621 
529 
494 
484 
466 
232 
416 
-VOLATILE 
991 
876 
830 
742 
1,480 
1,295 
571 
553 
488 
252 
2,137 
2,110 
2,038 
1,736 
1,621 
1,588 
1,529 
761 
1,365 
MEDIUM-VOLATILE 
Mary Lee..  . . . . . . . . . . . . 
13 
14 
15 
14 
16 
18 
12 
13 
11 
5 
17 
14 
17 
11 
12 
16 
15 
9 
15 
BITUMINOUS 
416 
448 
480 
448 
512 
576 
384 
416 
352 
160 
544 
448 
544 
352 
384 
512 
480 
288 
480 
BITUMINOUS 
666 
520 
519 
518 
335 
384-480 
384-448 
384-448 
352-488 
13-16416-512 
13-16416-512 
352-416 
352-416 
320-384 
256-320 
480-544 
488-544 
448-544 
488-544 
13-16416-512 
448-512 
14-16448-512 
352-488 
448-512 
12-15 
12-14 
12-14 
11-14 
11-13 
11-13 
10-12 
8-10 
15-17 
14-17 
14-17 
14-17 
14-16 
11-14 
14-16 
HIGH-VOLATILE BITUMINOUS 
0 
0 
+1 
0 
0 
+2 
0 
0 
0 
-3 
0 
0 
0 
-3 
-1 
0 
0 
-2 
0 
2,185 
1,706 
1,703 
1,700 
1,099 
P i t t sbu rgh .  .. . . . . .  . .  . . 
Redstone.. . . . . . . . . . . . . 
Sewell .......,........ 
Sewickley..  . . . . . . . . . . . 
Waynesburg ............ 
16 
12 
14 
13 
14 
259 
235 
206 
130 
95 
225 
207 
205 
122 
512 
384 
448 
416 
448 
850 
771 
676 
427 
312 
747 
679 
675 
402 
224 
192 
160 
96 
64 
128 
288 
160 
96 
13-15 
13-14 
13-14 
12-13 
7 
6 
5 
3 
2 
4 
9 
5 
3 
710-11 
9-11 
9-10 
8 -  9 
5-  6 
9-11 
9-10 
9-10 
8 -  9 
320-352 
288 -352 
288-320 
256-288 
160-192 
288-352 
288-320 
288-320 
256-288 
-3 
-3 
-4 
- 5 
-3 
-5 
0 
-4 
-5 
416-480 
416-448 
13-14416-448 
416-448 
384-416 
+1  
-1 
0 
0 
+1  
For some c o a l s ,  gas contents  est imated from adsorpt ion  da ta  may be sub- 
s t a n t i a l l y  higher  than d i r e c t  determinat ions;  u sua l ly  such coa l s  a r e  low i n  
rank and r e l a t i v e l y  shallow. For example, i n  t a b l e  2, d i r e c t  determinat ions 
f o r  t h e  P i t t sbu rgh ,  Sewickley, Redstone, and Waynesburg coa l s  a r e  30 t o  65 p c t  
lower than  t h e  range predic ted  from the graph, but  the  pressure g rad ien t  i n  
the  a r e a  from which these  samples were obtained (Pennsylvania and West 
Virg in ia)  i s  lower than average.  Dr i l l - s tem t e s t s  have shown t h a t  pressure  i n  
the  P i t t sbu rgh  c o a l  i n  t h i s  a rea  i s  approximately one-half the  hydros t a t i c  
head. Using the  pressure  gradient  0.046 atm/m and t h e  va lues  of t h e  cons tants  
l i s t e d  f o r  t he  P i t t sbu rgh  c o a l  i n  t a b l e  1, gas contents  were ca l cu la t ed  f o r  
t he  c o a l s  i n  t a b l e  3  wi th  the following equat ion:  
Values ca l cu la t ed  wi th  t h i s  equat ion a r e  i n  b e t t e r  agreement wi th  t h e  d i r e c t -  
determinat ion va lues  ( t a b l e  3 ) .  
TABLE 3.  - Methane content  of shallow, h igh -vo la t i l e  
bituminous coa l s  
The d i r e c t  determinat ions i n  t a b l e  3  can be described by a  l i n e a r  equa- 
t i o n  (V = 0.025h - 0.5 ;  c o r r e l a t i o n  c o e f f i c i e n t  = 0.90) ,  but whether t h i s  
r e l a t i o n s h i p  i s  gene ra l ly  accura te  f o r  shallow, low-rank coa l s  cannot be 
determined from the l imi ted  da ta  a v a i l a b l e .  The r e l a t i o n s h i p  between gas con- 
t e n t  and depth f o r  shallow, h igh -vo la t i l e  c o a l s  i n  the southwestern 
Pennsylvania-northern West Virg in ia  a rea  i l l u s t r a t e s  the po in t  t h a t  l o c a l  
geology, anomalous pressure-depth r e l a t i o n s h i p s ,  and c h a r a c t e r i s t i c s  of i n d i -  
v i d u a l  coa l s  must be considered i n  eva lua t ing  the  accuracy of the  es t imate  of 
a  c o a l ' s  gas content .  
Lack of da t a  precluded extending the  es t imate  t o  lower rank c o a l s .  Of 22 
c o a l  samples s tud ied ,  only 4  were not bituminous. The adsorpt ion  isotherm f o r  
a n t h r a c i t e  f i t t e d  the  p a t t e r n  observed f o r  o ther  c o a l s ,  bu t  the  r e s u l t s  f o r  
subbituminous coa l s  were ambiguous. Such c o a l s  a r e  known t o  be high i n  mois- 
t u r e ,  and t h e o r e t i c a l l y  t h e i r  gas -adsorpt ion capac i ty  i s  minimal. However, 
subbituminous coa l s  and l i g n i t e s  have been known t o  l i b e r a t e  s u b s t a n t i a l  
q u a n t i t i e s  of gas .  Rather than base the  gas content  es t imates  on i n s u f f i c i e n t  
d a t a ,  es t imates  were l imi ted  t o  the  higher rank c o a l s .  I n  view of the number 
of v a r i a b l e s  and assumptions, t he  gas content  est imated from adsorpt ion  d a t a  
Coal 
P i t t sbu rgh . .  . . . 
Waynesburg . . . . .  
P i t t s b u r g h . .  . . . 
Sewickley..  . . . . 
Pi t t sbu rgh .  . . . . 
Redstone . . . . . . .  
Pi t t sbu rgh . .  . . . 
Difference,  
cm3 /g 
-2 
-1 
-1 
0  
0  
+1 
-1 
+2 
Depth Direc t  determinat ion 
Meters 
95 
122 
130 
205 
206 
225 
235 
259 
~ n ? / g  
2  
3  
3  
5  
5  
4  
6  
7  
Calculated 
Fee t  
312 
400 
427 
673 
676 
738 
771 
850 
F t s / t o n  
64 
96 
96 
160 
160 
128 
192 
224 
CI$ /g 
4  
4  
4  
5  
5  
5  
5  
5  
Ft3 / t o n  
128 
128 
128 
160 
160 
160 
160 
160 
provides a general  standard for  determining the  gassiness of most bituminous 
coa l s .  
DISCUSS ION 
The estimated methane content of a  coa l  can be used i n  mine planning and 
resource evaluat ion .  In  mining, the amount and r a t e  of methane re leased 
depend on fac to r s  such a s  r i b  ex ten t ,  age of the mine, production r a t e ,  gob 
a rea ,  and permeability of the  coal .  However, a  simple measure of the g a s s i -  
ness of a  mine is  the  methane content  of the  coa l .  When planning a mine, an 
es t imate  of the c o a l ' s  gas content  can be used t o  est imate methane production 
r a t e s  and v e n t i l a t i o n  requirements. The following example i s  based on da ta  
f o r  the Lower Kittanning coalbed i n  Pennsylvania. A l l  o ther  f a c t o r s  being 
equal ,  a  mine i n  which the  methane content  of a  medium-volatile bituminous 
coa l  i s  6.0 cm3Ig a t  50 m (163 f t )  could produce 1.5 MMft3/day of methane; 
i n  a  mine a t  150 m (490 f t )  with a methane content  of 9.5 cm3/g, the  methane 
production r a t e  would be 2.4 MMft3/day. A t  250 m (810 f t )  , t he  methane pro-  
duction r a t e  could be 3 .2  tIP4ft3/day from coa l  wi th  a methane content  of 11.2 
cm3lg. Vent i la t ion  capacity f o r  the deepest mine would have t o  be a t  l e a s t  
double t h a t  of the shallowest mine. 
The estimated gas content  can a l s o  be used t o  evaluate p o t e n t i a l  gas 
resources i n  coa l .  For example, assume t h a t  a  h igh-vo la t i l e  bituminous coa l  
i s  known t o  under l ie  a  10- by 20-mile a rea ;  the average depth t o  the  coa l  i s  
150 m (approximately 500 f t )  and average coa l  thickness i s  15 i n .  The 290 
mi l l ion  tons of coal  i n  t h i s  a rea  i s  inaccess ib le  to  s t r i p  mining and too t h i n  
t o  be economically deep mined. The methane content  of  t h i s  c o a l  (estimated 
from f i g .  5) is  8 . 1  cm3/g, or 260 f t 3 / t o n .  Therefore, t h i s  r e l a t i v e l y  small,  
uneconomic coalbed contains 75 b i l l i o n  f t 3  of methane. Draining 50 pc t  of 
t h i s  would provide enough gas t o  heat  30,000 homes f o r  10 years .  Of 727 b i l -  
l i o n  tons of bituminous coal  i n  the coterminous United S t a t e s ,  only 60 pct  i s  
considered minable by current  methods .= To ge t  the  most of l imited energy 
resources ,  the 290 b i l l i o n  tons of "uneconomic" coa l s  could be considered a s  
gas r e se rvo i r s ,  p o t e n t i a l l y  containing over 70 t r i l l i o n  f t 3  of high-Btu gas.  
The re l a t ionsh ip  between rank, depth, and gas content developed i n  t h i s  
r e p o r t  can be extended t o  deeply buried coa l s .  An estimated 378 b i l l i o n  tons 
of coa l  l i e  between 1,000 and 2,000 m below the surface  of the coterminous 
United s t a t e s . "  Using 15 cm3 lg (480 f t 3 / t o n )  as  a  minimum gas content ,  these 
coa l s  could conta in  181 t r i l l i o n  cubic f e e t  of gas .  Using t h e  data  i n  t h i s  
r epor t  a s  a  bas i s  fo r  speculat ing on the gas content  of t h i n  coalbeds and 
deeply buried coals ,  these  coa l s  could conta in  over 250 t r i l l i o n  f t 3  of high- 
Btu gas,  the  equivalent  of a  10-year supply of na tu ra l  gas.  
=Estimates of coal  resources a r e  from: Aver i t t ,  P .  Coal Resources of the 
United S ta tes ,  January 1, 1974. Geol. Survey Bull .  1412, 1975, 131 pp. 
'work c i t e d  i n  footnote 5. 
CONCLUSION 
The gas-adsorpt ion capac i ty  of c o a l  depends upon pressure ,  temperature, 
and rank.  Since pressure  and temperature a r e  funct ions  of depth,  the gas con- 
t e n t  of most coa l s  can be est imated from rank and depth or  ca l cu la t ed  from the  
gene ra l  adsorpt ion  equation. In  some cases ,  f a c t o r s  such a s  high moisture 
con ten t ,  low pressure g rad ien t ,  and anomalous temperatures should be consid-  
ered i n  eva lua t ing  the  accuracy of t h e  gas-content  e s t ima te ,  The es t imates  of 
coalbed gas content  derived from adsorpt ion  d a t a  provide reasonable pre l imi-  
nary f igu res  and can be developed using r e a d i l y  ava i l ab le  d a t a .  
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APPENDIX A. --ESTIMATING METHANE CONTENT FROM ADSORPTION ISOTHERMS 
Coal is a porous solid that can adsorb gas on the internal surface of its 
micropores. The amount of gas adsorbed depends upon pressure and temperature. 
The adsorptive capacity of a solid is determined by measuring the amount of 
gas adsorbed at various pressures and constant temperature. This procedure is 
repeated at several temperatures to obtain a series of adsorption isotherms 
(fig. A-1) . Empirically, adsorption isotherms can be described by the equation 
where V = volume adsorbed, in cubic centimeters per gram of moisture- and 
ash-free coal; 
P = pressure, in atmospheres; 
k = a constant, in cubic centimeters per gram per atmosphere; 
and n = a constant. 
The constants k and n vary with temperature. Rather than determine these con- 
stants for all temperatures of interest, the effect of temperature can be 
estimated by using the following equation: 
FIGURE A-1. - Adsorption isotherm. 
PRESSURE, atm 
where k and n a r e  determined a t  a  reference  temperature ( i n  t h i s  case O0 C); 
b i s  a cons tant ,  i n  cubic centimeters  per gram per degree Centigrade; and T i s  
the temperature, i n  degrees Centigrade. 
To determine k, and n o ,  equation 1 i s  converted t o  logarithmic form: 
Log V = log k + n log P. (A -3) 
P l o t t i n g  log V versus log P (with values of V and P taken from t h e  0" C i s o -  
therm) gives a  s t r a i g h t  l i n e  i n  which log ko i s  the  in te rcep t  and no i s  the  
slope ( f i g .  A-2). The temperature constant  b i s  determined by p l o t t i n g  V 
versus T a t  constant  pressure ;  b i s  t h e  slope of the s t r a i g h t  l i n e  ( f i g .  A-3). 
The constants  k,, n o ,  and b were determined f o r  the  coa l s  l i s t e d  i n  
t a b l e  A - 1 .  Experimental procedures used t o  determine the isotherms f o r  dry 
coa l  a re  described i n  a  previous r epor t  (1 ) .  Values of k,, n o ,  and b, d e t e r -  
mined from the  isotherms f o r  dry c o a l ,  a r e  l i s t e d  i n  t a b l e  A-2. When k, and 
no a r e  p lo t t ed  versus f ixed carbon ( f i g .  A-4), the s t r a i g h t  l i n e s  obtained a r e  
described by the equations: 
and no = 0.55 - 0.004 FC ( r  = 0.86). (A-5) 
The regress ion  c o e f f i c i e n t s  f o r  these l i n e s ,  0.82 and 0.86 f o r  equations A-4 
and A-5, respect ive ly ,  show tha t  the  experimental da ta  a r e  i n  f a i r  agreement 
wi th  the l i n e a r  equations.  To minimize the  devia t ion  from the  s t r a i g h t  l i n e  
a t  high and low values of fixed carbon, va lues  of k, a r e  p lo t t ed  versus FC/VM 
( f i g .  A-5) t o  obta in  the  following equation: 
which has a  regress ion  c o e f f i c i e n t  of 0.93. The constant  no can be r e l a t e d  t o  
k,, s ince  both a r e  functions of rank, by the following equation: 
Values of k, and n,, calcula ted  using equations A-6 and A-7, a r e  l i s t e d  i n  
t a b l e  A-2. Calculated values are  genera l ly  wi th in  +20 pct  of the  exper i -  
mentally determined value .  
The temperature constant  b ( t ab le  A-2) does not vary with rank.  It has 
a mean value of 0.14 cm3 /go C with a standard devia t ion  of LO. 02. 
TABLE A.1 . . Analyses of c o a l  samples 
Coal 
. . . . . . . . . . . . . .  Mammoth 
. . . . .  . Pocahontas No 3 
DO . . . . . . . . . . . . . . . . .  
Lower Kit tanning . . . . .  
DO ................. 
.............. Beckley 
............. Mary Lee 
Upper Freeport  ....... 
....... Lower Freeport  
Upper Freeport  ....... 
............. Mary Lee 
Upper Freepor t  ....... 
........... Pi t t sbu rgh  
Sewell ............... 
No . 5 Block .......... 
........... Pi t t sbu rgh  
Mary Lee . . . . . . . . . . . . .  
Pi t t sbu rgh  ........... 
DO . . . . . . . . . . . . . . . . .  
Somerset B ........... 
Cas t l ega te  . . . . . . . . . . .  
Rosebud . . . . . . . . . . . . . .  
Elkhorn No . 3 . . . . . . . .  
Hazard No . 4 . . . . . . . . .  
Pocahontas No . 4 . . . . .  
DO . . . . . . . . . . . . . . . . .  
Stearns  No . 2 ........ 
Hazard No . 7 . . . . . . . . .  
Pi t t sbu rgh  . . . . . . . . . . .  
Pocahontas No . 3 . . . . .  
Locat i on  
(county and S t a t e )  
Schuy lk i l l .  Pa . . . . . . .  
Wyoming. W . Va . . . . . . .  
Buchanan. Va ......... 
Cambria. Pa . . . . . . . . . .  
..... do . . . . . . . . . . . . . .  
Raleigh. W . Va . . . . . . .  
Jef ferson .  Ala . . . . . . .  
Indiana. Pa . . . . . . . . . .  
..... do . . . . . . . . . . . . . .  
..... do .............. 
Je f fe r son .  Ala ....... 
Indiana. Pa .......... 
Washington. Pa . . . . . . .  
Randolph. W . Va ...... 
Boone. W . Va ......... 
. . . . . . . . . . .  Greene. Pa 
.......... Walker. Ala 
Washington. Pa . . . . . . .  
. . . . . . . . .  Marion. W Va 
Gunnison. Colo ....... 
. . . . . . . . .  Carbon. Utah 
Rosebud. Mont . . . . . . . .  
Floyd. Ky . . . . . . . . . . . .  
Kentucky . . . . . . . . . . . . .  
. . . . . . .  McDowell. W Va 
Raleigh. W . Va . . . . . . .  
Kentucky . . . . . . . . . . . . .  
. . . . .  do . . . . . . . . . . . . . .  
Allegheny. Pa . . . . . . . .  
Buchanan. Va ......... 
NA.. Not a v a i l a b l e  . 
'Moisture-free bas i s  . 
Proximate ana lys i s .  pc t 
Moisture Fixed 
carbon 
Ash V o l a t i l e  
mat te r  
TABLE A.2 . . Adsorp 
..... . . 
- 1  . k,, 
. . . . . . . . . . . . . . .  Mammoth 
Pocahontas No . 3 . . . . . .  
Coalbed 
. . . . . .  Lower Ki t tanning  
~ x ~ e r f -  
mental 
. . . . . . . . . . . . . . .  Beckley 
.............. Mary Lee 
Upper F reepor t  ........ 
Lower Freepor t  . . . . . . . .  
Upper Freepor t  ........ 
.............. Mary Lee 
Upper Freepor t  ........ 
P i t t s b u r g h  ............ 
Sewe 11 ................ 
No . 5 Block ........... 
P i t t s b u r g h  ............ 
.............. Mary Lee 
............ P i t t s b u r g h  
............ Somerset B 
C a s t l e g a t e  ............ 
Rosebud ............... 
Elkhorn No . 3 ......... 
Hazard No . 4 .......... 
. ...... Pocahontas No 4 
Stea rns  No . 2 ......... 
Hazard No . 7 .......... 
P i t t s b u r g h  ............ 
Pocahontas No . 3 ...... 
NA.= Not a v a i l a b l e  . 
:ion cons t an t s  f o r  methane on c o a l  
:m?/g atm 
Calcu la ted  1 from 
no 
Exper i -  
mental 
equa t ion  A-6 
Calcu la ted  
from 
equa t ion  A-7 
LOG PRESSURE 
FIGURE A-2. - Log-log   lot of volume adsorbed versus pressure. 
FIGURE A-3. - Volume adsorbed versus 
temperoture at constant 
pressures. 
0 10 20 30 40 50 
TEMPERATURE,' C 
FIXED CARBON, pct maf 
FIGURE A-4. - Relationship of k, to fixed carbon. 
F I X E D  CARBON / V O L A T I L E  M A T T E R  
FIGURE A-5. - Relationship of k, to the ratio of fixed carbon to volatile matter (FC/VM). 
APPENDIX B.  --ESTIMATING THE EFFECT OF IWISTURE 
ON THE ADSORPTIVE CAPACITY OF COAL 
The amount of gas  t h a t  can  be adsorbed by c o a l  i s  i w e r s e l y  r e l a t e d  t o  
i t s  mois ture  c o n t e n t ,  up t o  a  c r i t i c a l  mois ture -conten t  va lue  (1-2) .  - - Above 
t h i s  v a l u e ,  which i s  appa ren t l y  r e l a t e d  t o  t h e  oxygen con t en t  of the  c o a l ,  
a d d i t i o n a l  mois ture  has no e f f e c t  upon adso rp t i ve  c a p a c i t y .  Using t h e  
equa t i on  
where C,, C , ,  and C2  a r e  cons t an t s , '  and X, i s  t h e  percen tage  of oxygen, ma£, 
t he  c r i t i c a l  mois ture  was c a l c u l a t e d  f o r  most of t he  c o a l s  l i s t e d  i n  
t a b l e  A-1 ,2 and compared w i t h  "as - rece ivedf '  mois ture  ( t a b l e  B-1) . Genera l ly ,  
t he  c a l c u l a t e d  c r i t i c a l  mois ture  i s  g r e a t e r  than t he  a s  - received mois ture .  
When r a t i o s  of adso rp t i ve  c a p a c i t y  i n  mois t  and d r y  c o a l  ( v , / v ~ )  a r e  c a l -  
c u l a t e d  w i t h  t he  equa t i on  
( t a b l e  B-1), t he  r a t i o  i s  approximately t h e  same f o r  bo th  c r i t i c a l  and a s -  
r ece ived  mo i s tu r e .  With t h e  except ion  of t he  subbituminous Rosebud c o a l ,  t h e  
r a t i o  of gas  adsorbed i n  wet and d r y  c o a l  (v,/v*) has  a  mean va lue  of  0 .73 
w i t h  a  s t anda rd  d e v i a t i o n  of '0.13. I n  t h e  absence o f  o t h e r  d a t a ,  t he  amount 
o f  ga s  adsorbed i n  mois t  c o a l  can be es t imated  a s  75 p c t  of t h a t  adsorbed on 
d r y  c o a l .  
l ~ h e  c o n s t a n t s  C, and C 2  d i s p l a y  some v a r i a t i o n  w i t h  p r e s su re .  However, t h e  
e f f e c t  i s  sma l l ,  and has  been ignored i n  t h e s e  c a l c u l a t i o n s .  
2 ~ o m p l e t e  ana lyses  we reno t  a v a i l a b l e  f o r  a l l  c o a l  samples l i s t e d  i n  t a b l e  A - 1 .  
TABLE B - 1 .  - C r i t i c a l  moisture and reduct ion  
i n  adsorpt ive  capac i ty  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mammoth. 
Pocahontas No. 3 . . . . . . . . . . . . . . . . . . . . .  
Coalbed 
Lower Kit tanning . . . . . . . . . . . . . . . . . . . . .  
C r i t i c a l  
moisture,  1 
pc t 
.............................. Beckley 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Mary Lee . . .  
Upper Freepor t  . . . . . . . . . . . . . . . . . . . . . . .  
Lower Freepor t  . . . . . . . . . . . . . . . . . . . . . . .  
Upper Freeport  . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mary Lee 
Upper Freepor t  ....................... 
Pi t t sbu rgh  ........................... 
Sewell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NO. 5 Block. ......................... 
Pi t t sbu rgh  ........................... 
............................ Mary Lee. 
P i t t sbu rgh  ........................... 
. . . . . . . . . . . . . . . . . . . . . . . . .  Somerset B . .  
Cas t l ega te  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pi t t sbu rgh  ........................... 
Pocahontas No. 3 .  . . . . . . . . . . . . . . . . . . . .  
Rosebud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 I I I 
NA--Not a v a i l a b l e .  
2 ~ a l c u l a t e d  from c r i t i c a l  moisture.  
3 Calculated from a s  -received moisture.  
